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(l') 63-86533 {A] (43)16.4.1988 JP 

.{31) Appl. No. 61-232417 (22) 30.9J9R6 
(71) KOMATSULTD (72) YASUHIRO N0?UE(4) 
(51) Int. Cl\ H01S3A34.C03n/20.HOlUX/30 

PURPOSEf To obnln hIgWy lEict txpoi^e ifTiouM ind »phut« i[m« on -ihe occiiten o/ 
Oie nt»l Uicr MclUitlftB. bjr repettf^g the Kuine orihe /crtlawinE In. accordance "^riih th* 
rvumbir of nm« of pulse dljchiff o unta ft ipcciHid ungunc of cxpoiurc (s obtained and. 
conirolllnn the number of dmei of. pulM dl»chirt« to »> to be In Uiv duirtd rant*; charxlng 
voltage or pulse dltcharf*. iijdltton amount of h4lo|ten eai to taair gii, And exehanra imouni 
ef taief gaa. 

CONSTITUTIOK*. The imount of output tnerfr per pulu detected br «n wpoiBrt amount 
d«iecilon ctrculi 18 »( the time of lucr cxposur* b Indcrated, and the Bumbtr ef pulid 
■ c the lime la »l»o. eeunied. The Inieffntrd -amouni of cnirfy and a ipaclHed amount of 
eneffy. Indicaiing the opiimurn amount of axpohire prewiouily detcrmlntd ar« compiTed. 
The Integration of enerfy ia continued till ihi Integnred amouni of encrcy rcacKu iKa aptcf- 
ned amount of ehercy. When the* Inlepraitd amount of energy becDmaa aqual lo the ipecificd 
amouM of ener/rv. a CPU-IJ mierrupia ihc Umf eicniatfoA. and comparu the number of 
coUnitd puUet and the ipeclfied optimum oumbtr o( puTica. According la the roolt of t>ie 
compviMn, « cKarflnc VolUra eonlrol part 20 ui6 a gu circulailoa control pul ti are 
conu-olUd. Thui liio upoiuri emoiini and ihe number ot puUes tn the next later occlllaiton 
after a ipcclflcd period art con rroUed, 




(541 EXCIMER LASER DEVICE 

Ul) 63-119592. (A*) (43) 24.5.1948 (19) JP 

(21) Appl.Ntfcx 61-26S007 (22) 7.U.19afi . . 

(7IJ MATS&tHXTA ELECTRIC IND CO LTD (72) KUKlAKl FUKAYA(2) 
(SI) Int- CI*. RC1S3/223 . 



PURPOSES To m&S^it posstbYe to extend the operating Kfe of k rare-gat-hiHde 
bftsed exclmer')ise^(»r making the cotnposUion mio of the h&Hde in constit- 
uent £B5. which Is &e»i^ in a' container, larger than an optimum value. 

CONSTITUriONt The corngMslilon ratio of hallde based- gas In constituent gas 
in a rarc gas hallde basc9^xclmer laser oaclllator is made larger than the 
optitnurn value. The halide^^sed ias ia expenetially decreased with respect 
to the number of exciting pu!^s. Meanwhile, when the composition ratio of 
the hal.fde based gas is larger th?kr the optimum value, the output is decreased 
• from the Output at the time of the op^um value. Therefore, when the composi- 
tion ratio oi the halide based gas is nude larger than the optlmurn value, the 
- output is Gradually increased as the punes are being excited. When the halide 
based sas is decreased, and the optimum "vwie ia reached, the maximum output ^ 
is obtained. As the pulse excitation is furtherWrformed. the output is fradualhi ' 
decreased, and the life is reached. As a rcsulc^e'life ts elongated to a Sj^e 
extent. 



(M) ENERGY QUANTITY CONTROL EQUIPMENT 
(U) -C-.76S.3?(A) (43) 13.1.1932 (19) JP 

(21) Appl. No. 2-109291 (22) 25.4.1990 
(71) NIKON CORP (72) KA2UAKI SUZUKI 
(51) Int. CI*. H0153/l(W.G03n/20,HOlL21/027 



PURPOSE: To always control energy o^niity. excellently, by adequately ta^fiiu\g 
In applied voltage and osciltatlory^ergy quantity for each unit pulse co 
or each unit time, and updatinr^^ relational equation between them hy o 
tion. 

CONSTJTUnON: A comput}f*f element 6 takes In data of voltage applied to 
an energy oscillation ^dfce (or actual , charged voltage at the time of energy 
osci'Haiibn) and osciljjrfion energy quantity, for each unit pulse count or each 
unit time, and up^es In order, by operation, the relational equation between 
the applied vo^jfigt and Ihe otcilUiion energy quantity, which is prcviouily 
stored In a/ftrage means 7, Hence, u'hcn variation with time (s generated 
in the reUron between the applied voltage or charged voltage »nd the oscilla- 
tion eaflTjb' quantity, the relational equation expressing them is adequately 
updaw in accordance with the variation with time. Thereby superior energy 
qg;mtity control is ah^ays achieved. 




miU cantiol fytum. )fc tflf$*f t»«iri» n. *p»i»« 



154) SEMICONDUCTOR WAVELENGTH CONTROL ELE.MENT AND 



1. Title of the Invention 

METHOD AND ^APPARATUS FOR OUTPUT CONTROL ,0F 
E'XCIMER LASER . . . - ■ 

2. Claims 

(1) A method for output control of an excuner laser which makes laser 
oscillation by exciting laser gas consisting of a mixture gas of at least, rare 
gas, halogen gas and buffer gas by pulse discharges, wherein: 

the number of pulse discharges at which an exposure quantity becomes a 
predetermined quantity is counted when exposing; and 

when (.he Exposure is stopped, a charging voltage for the pidee 
dischaigeis, an adding amount of the halogen gas to the laser gas and an 
exchange amount of the laser gas are re-set according to the counted 
number of pulse discharges, thereby controlling to make the number of 
pulse discharges a value within a desired range. - . * 

(2) An apparatus for output control of an excimer laser. which makes laser 
oscillation by exciting laser ^as consisting of a mixture gas of at least rare . 
gas, halogen gas and bxiffer gas by pulse dischao'geB, which comprises: 

means for counting a number of pulse discharges until an exposure 
quantity becomes a predetermined quantity; 

means for re-setting a charging voltage for the pulse discharge, ah 
adding amount of the halogen gas to the laser gas and an exchange amount 
of the laser gas in correspondence with a counted value of the counting . 



maans 6 as to control the number of pulso discharges to a desired nMmber 
of times. 



3. Detailed Description of the Invention 
(Field of Industrial Ub^)' 

The present invention relates to an excimer laser which is suitable 
as a light Bovurce for oxposuro of a semiconductor production apparatus, and 
more particvilaj;ly to a miethod and apparatus for output control of the 
excimer laser. . . • " • . ^ 

(Prior Aa-t) 

The excimer laser oecillatea a laser by sealing a mixture gas of rare 
gas (Ar. kr, Xa), halogen (Fe, HCl) and buffer gas (He. Ne) as laser ga^ into 
a chamber and exciting the laser gas by making a pulse discharge, or the 
like between resonators consisting of a total reflection mirror and &n 
outgoing jairror. If can maJco highly efficient aiid high pov/er oaciUatlon, 
and particularly in view of its non-coherent characteriBtic, its application to 
photolithography and tho like is being proceeded. 

Conventionally, the excimer laser described above includes a type 
which controls output as shown in the flbwchart of Fig- 3- In the drawing. 
Step 101 detects, output' energy per pulse, and step 102 samples output 
ensfgj' detected fdr a predetermined number (N) of sarnpUng.. Then, step 
103 calculate the mean value of output energy per pulse. And, it is 
compared with the mean value of predetermined output energy (step 104).. 



According to the compared result, step 105 adjusts a charging voltage, an 
exchange amount of the laeer gae and an adding amount of halogen gas to 
the laser gas, and feedback control is made so that the mean value of the 
output energy .becomes the predetermined mean value before an exposure 
time expires (step 106). 

(Problems to be solved by the Invention) 

For the cxcimer laser, however, it is periodically controlled to have 
an exposure time of about 0 '2 second and an exposure suspension time of 
about 0.8 second. Therefore, the exposure ie completed before the output 
energy per pulse is stabilized. Accordinglj', the laser output is hard to 
stabilize, and it is difficult to make high-precision exposure control. And, 
where the above-described, output control, method is used to obtain high- 
precisian, ejtposure, the exposure time is long, and it is hard to keep hi gh- 
procieion exposm-e time. 

The preeecit, invention was acKieved in viow of tbe circuxnatancas 
described above, and it is an object of the invention to provide a method and 
apparatus for output control of an excimer laser capable of obtaining high- 
precisioil exposure and exposure tinae. . . 

(Means and Action for solving the Problems) 

The present invention counts the number of pulse discharge until a 
predetermined exposure quantity is obtained, re-sets a charging vpltage of . 
tlie pulse discharge, an adding amount of the halogen gas to the laser gas 



and a changing amount of the laser gas according to the number of pulse 
discharge, and controls to make the number of the pulse discharge a value" 
within , a predetermined range, so that the exposure quantity and the 
exposure time for; the nepct laser oscillation can be controlled with high 
accuracy/ 

(Embodimerit). ; . 

An embodiment of the invention is described in detail with reference 

to Fig. 1 and Fig. 2. . 

Fig. 1 shows one embodiment using aii output control device of the 

excimer laser according to the invention 

for a reduced size projection exposure device/ In Fig. 1. laser light from an 
excimer laser 10 is led to a reticule 14 through an integrator 11 having its 
optical axis adjusted, a reflection mirror 12 and a condenser lens 13. Thus, 
a micro pattern formed on the reticule 14 is transferred from the reticule 14 
to a ^vafer 16 through a reduced 6iz:o projection len= 15. A detector 17 eiach 
as a photodiode is disposed in the neighborhood of the wafer IG. The 
detector 17 detects scattered H^ht bein^ reflected from the wafer 16 during 
exposing. Output of the detector 17 is entered an exposure, quantity 
detection circuit 18. which calculates an output energy quantity per pulse of 
laser light for exposing the wafer 16 from the output of the detector .17 and. 
outputs the calculated value to a central processinp unit (CPU) 19. The 
CPU 19 controls a charging voltage control section 20 and a gas circulation 



control , section 21 so that the input energy quantity', reaches a given 
exposure quantity by the predetermined number of pulse discharging. 

• Then, control of the laser output is described with reference. to the 
flowchart of Fig. 2.. First, when laser exposure is effected, the output 
energy quantity per pulse detected by . the exposure quantity . detecting 
circuit 18 is calculated in step 201, and the number of pulses at the tinae is 
also counted (step 202). Than, the CPU 19 compares the Energy quantity 
calculated , in step . 203 with given energy indicating the predetermined 
optimum exposure of the wafer and continues to add up the energy until the 
total energy quantity becomes the given energy quantity. When the. total 
energy quantity becomes equal to the given energy quantity, the CPU 19 
Btope the laser osciUation and compares the numter of pulse counted with 
the. predetermined optimum number of piilse in. step 204. Based on the 
compared result, the charging voltage control section 20 and. the gas 
circulation control section 21 are controlled to adjust the charging voltage. 

the addiixg amotmt of the Haloeen *° ^^'^ l'*^"' S»s and tt^ cHanBing 

amount of the laser gas .(step 205), thereby controUing the exposure 
quantity and the number of pube in the, next laser oscillation performed 
after a predetermined period of time. 

The controlling operation of the CPU 19 in step .205 above has a 
predetermined priority, and when the CPU 19: detects a decrease in.the 
laser output by the detection- output of the detector 17, the control 
operations to make the adjustment described above are performed one by 



I 



one according to the predetermined priority and stopped when the laser 
output is recovered. 

In other words, when the CPU 19. detects a decrease in the laser 
output according to the flowchart of Fig. 2, it controls.* for example, the 
charging voltage control section 20 as a first step to adjust to increase the 
charging voltage^ When the lasei- output is recovered by this adjustment, 
the control is terminated. But, if hot, the gas circulation control section 21 
is for example controlled to adjust a second stop so to add tha halogen gas to 
the laser gas. When the laser output is recovered by this halogen gas 
adding . adjustment, the control is ter^iinated. iBut^ if the laser * output 
cannot be recovered by this control yet, the next step controls for example 
the gas circulation control section 21 to exchange the laser gas, thereby 
attempting to recover the laser output the next time and afterward. 

And, the control described above is repeated Until, a predetermined 
number of chips to be exposed on the wafer 16 is attained (step 206); 

I terns adjusted by tKe coatrol made by ttie CPU 19 axe not UWted to 

the three items described above. For example, items (1) a removing 
ajnount of impurities is adjusted by Controlling the circulating amount of 
the gas; (2) neon gas is added to the buffer' gas, and (3) a gas circulating 
velocity is adjusted may be added, and any of them may be selected as 
required. Besides, the scattering light from th© Wafer was detocted by the 
detector in the embodiment, but the position of the detector may be adjusted 
so to detect light leaking from the reticule. In addition, an exposure meter 
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can be used to directly detect the exposure" quantity of the. laser Jight for 
exposing^ the wafer so to control the laser output. 

Therefore, the present invention adjusts the laser charging voltage, 
the laser gas exchanging amount and the halogen gas adding amount when 
the laser exposiu-e is stopped, so that it is not necessajiy to use a high-speed 
processing IC, and the cost can be reduced, and the size can be made 
compact. /' 

(Effects of tho Invention) 

As described above, the present invention ro-sets the laser charging 
voltage, the laser gas exchanging amount and the halogen gas adding 
amount so to control the number of pulse discharge for obtaining the 
predetermined exposuro quantity to the numbex' of desired pulse discharge. 
TliUB, the liigh preciBion exposure quantity and exposure time can be 
obtained. 

4. Brief Description of the Drawings 

Fig. 1 is a diagram showing one embodiment \ising a device for 
output control of an e:2ccimer laser according to the inventiori for a reduced 
size projection exposure device, Fig. 2 is a diagram showing a flowchart of 
the output control shown in Fig. 1/ and Fig. 3 is a diagram showing a 
conventional flowchart. - 



10: Excimer laser 



17; Detector' 

18: . Exposure quantity detecting circviit . 

19: Central processing unit (CPU) 

20: Charging voltage conti'ol section 

21: Gas circulation control section * 

Fig. 1 ■ 

21 Gas circulation control section 

10 Excimer laser 

20 Charging voltage control section 
18 Exposxure quantity detecting circuit 

11 Integrator 

12 Reflection mirror 

13 Condenser lens 

14 Reticule 

15 Reduced size projection lens - 

16 Wafer * 
Tig. 2 r 

Start ;. . ' 

201 Detection of energy per pulse ' 

202 Calculation of the energy quantity 

203 Comparison with predetermined energy quantity (equal or not) ' 

204 Comparison with predetermined number of pulses 
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205 Adjustment of charging voltage, laser gas exchanging amount, halogen 
gas ■ 

adding amount , - 

206 Is a predetermined number of chips achieved? 

End ■ ; V 

Fig:. 3 

Start . ■ 

101 Detection of enere:y per pulse 

10^ Is the number of sampling equal to predetermined value N? 

103 Calcxdation of the mean value of energy per pulse 

104 Comparison between the mean value and the predetermined value, 

105 Adjustment of charging voltage, laser gas exchanging amount^ halogen 



adding amount 

106 CornpRxieori with a prodotorminocl rLtxmbor of pvJoes (expoouLre time) 

End 

2 ■ ' . 



9 



SI 

\. . 


*i m 4i 









t9- 




CPU ^ 




Be r 







te — -is j\ . 



20i 



"I 
I 
I. 

I 

. I 
r 

t 

I 
j 

203\ 





/£>/ 





'516— 



® a * Bj « I* ;? (J p) . (0> « m 4> 
®^2:^«j^S^<2:^ (A) PS63 - 86593^ 



H 01 S 3/134 7630-SF 

Q 03 F 7/20 7124-2H 

H 01 L 21/30 3 0 1 G-7376-.5F 

3 11 S-7375'^5F 

. . . L^7376"5P 3grr:gg JSiggaK 2 (:^4g). 

«>^* n ra61-r2324l7 

«iSyil»«t»8S='5We«3M 2-3-30 
3tE»«HHZ^ 2.T H 3 « 6 















* 


^ m . {Oj 






* 




&^ 




* 


B 3*; • ?6I — 




M 








m 


A 






3S 


A 







48 


m 


m 


1/ 


7 T of a 


<D.S 


ft 


51 6 ^ a u - 


V if a « /< A* 












At nr c <fc 


T n 


n e 


tr *.c fct; * 


1/ - tr « a T 












^ X * 


U 


- V 


<o til A M B9 e e 


U « t\ T » 


X. ^ V V t- — 


vow 


fi m 


t* ?r fci *J J: i/. 






H X 


fi u 


i> «p * T o to la 


V ^ St n (0 










BQ 


It c- rt R 

n la A 


r 

:^ u 


^ tSL 


Q It e M 2 <b fls 


Et t: w B -r 


2 . 99 n m « £0 n 


B 






c 




ji It 






tr jtf A. o n 


( •> ) a». *; t * 


« JT :i 


. n 


a > *r Jt Jc t/ 


:2 


t\ a y V 




0) IB 


A 15 -t W U - 


If 3. to ji Id 


V . /• ^/ .3. o a ^ 


A 




ft u* - Y a t A* 


a 




B T 




K J: «> n tt GO 


K n Jo L, T w 




15^^ It 




t t J: 0 u - tr n « 




r Y « * 


IS t 








* 6 X * W b 


- 4f io 


its 


10 »P » 1^ C « T 1 




«- Jl il /r 


C i: 


* rr 


Pi ^ -r •& X * i/ 


-9 * ly - V O ai 


» )^ A u: . 11.9% 


B /f fJ\ 




tC "IK^ ft U /< ^ Bt 


n 


H nan 


■ 








S O.DQ C- It ft t 




















» >\S 4* it « i: . 


K tt 




;w tt R.to ED a c 


3 


. h VI o 


IT » 




w 




Co U T HI « >U ^ 


fit IK (0 


nn 


ff , L/ - ♦/ af :i ^ 










) 




^ 12 A o y V ^ 


A 0 a 










, * 


« 


» ft v'B to n A 


ffl » t U T 


3z ft e v( u s Lr 




T «» 


K yt A/ :i ft 9 O OB tic 










tr c. 18 L . ic 


X * 1^ P - 


M s to n n o 


m c ^ 


& 


■5 M IB r * £ t « « - . 








Bi n 


jt * oBttw: 


Mr * - 




U - if 












) ' 






( 2 ) ^ < t 4. 














Hi * ^ A ( A r . K r , 



'513 



2 - 



y • ) , /NO V V ( F B . H C J ) H J; V A y 
7 ^ ^ ( Ht . N • >.<0 n 8 « a'**u - V /J ^ i. 
U T ^ r v;^ i: ti XL^'C. dt fi « a 5 ^ t ai M 4 

a a a If i: i ^ T sa U.3 tr_& u 1 11 J: D u - ft ... 

^ c t T * . . ■^ -t. w 3^ 3 t - w. V h /j n 

6•7»^'-/V£^97-^-«^9^5W/^ltt*^5^^ 
■ T « . 

o *r « i . as c *j T * « r s -y- v :r i o i t 

1 A s 0 9 tli> X ^ >i/ ^. - t tt m u . X -7 > 

7 1 p 2 T W £ O ■*^ > r A- E3 tt N r^ tt III HI 

t) X i ^ ^ % y r.'j > ^ y • tfcuAT??: 

ju ^ - 03 V a B It u e rt o ( ^ r y 7 .1 o 4 • ) .' . 
^UTxrvrioST^ittt » « u u r . 75 « 

« /x . U - IT Jtf a fl> 3E Ift m , U - -y If 3 'V D 

c^m tii • B * U — . O SE lfr fl 7? U £1- T 

X -5 C M W y 5^ C t U J: p T »: <D U - If K H W C 
« €► K Jt 1 B J: p tt A H na * « « IS'C M W 

91 1 B tX * H 09 K flR * X 4= > U if ff). lU ^' W • 

w IB K * n /J^ U H « 56 e c )D - sen' w ♦ ^ ■ 
T. «»WT».a. ffiTiacnv-^T^ x ^ */ y \/ - 

ct\ciou^i?ji/i Airwaar. nt: A n * - - 
> u . u f- A/ n 4 ii» ft « /ix la e 1/ V X 1 5 * f^ 

U T •> a /\ 1 6 ± t: « 9 n T 6 . ± W i V v 



y V ^ ;^ (7 » fca fl € » B u T - « ML H na ^ vj n * < . ■ 

T ( 7 1 0 6 ) IC X A/ - O « t9 ffl 

T IV te . 

kz*jf»te.o^. '^ox^t/"7U-iro3Ji6* R 
jtnratto. 2t>sat. k >c <^ it na « o . a.*> 

A/aao<omAx*A'^-x^fl « * trt c n >fe/p 

c.<., H n K R A AM W A? B H T ft ^ ft . tfzs 

± xa Ui ^ M n T K a If ^ n Q « tt ^ -3 t T 

WW K © . ; . * ; 

tt'!iirytatK3twn3«w«>c4:<0TffaxqFv 
- ^ tf> ih ^ M IP It « J= * <o. « a t a * 

( » D jis c- n jj^-ti^tiAo^Gnjkvffm) 
* K « • M s a it • is tc * < T A >i' :i a « o 

e «mEDiB 1 8 c A 7J en , k atfltx mm w i a 

tt> ^ -r - 1 7 o m » ti* 5.0 X n 1 s yt 

*lfiP iDff V * AKSBDW (CPU) 19 

^ M B fl5 K K/ att^WtaJKT-'Jf <0.a « fl t a T 

^ . J: . e XB K « a: rt « 2 0 « * tf ;f :i • w M w 

!/ 7 2 0 IT, Bit « flt ttfilB i B T « n 71 

^> c * to R o ;c ;i lit ^ it ek -r * ( v 7 

20 2) . aCCPUl 9li. :^rvT203T 
i: W P U X A/ - t ^ I& ff ^ n *: •> X 

n © ft a B yt B e ift -rf" » E X ^ A' :V - 4 €• Jt K V 
|)f X.^. /V * - ft W X<OX:^A^'r-TfiCa&* 



I. 

CPU 1 Biiu-tfRfis-rt^itffir* ?Ty7 
2 0 .4 T Jt !2;t.ft b l: ;^ A' ;^ a t T u t * n 

« n" ^ t e , H a s DE 6!) W © 2 0 w I* ir ;j :^ IS- 

o A tt r > ff -^ <^ 5a w A 'J -fc ^ ^ ^ n 
A *'c: t tiir i) ( V 7 iz o s ) . 

p/c T 51 ca (0 »c 0) t/ - tr n » c 13 «» iijtlfl 0 * 

cf ;Mk * « » * * . 

fc c T ^ C > V 7 2 0 5 K ft a C P u 



1 9 O W) 


Wtt IV U tt RfrS 






X « O . 


CRU1 B»f»-f 


r 




^ t i: t? 






tt m r & fc • ±112 a 




Itfi MtBI ttff e w 




<n i 56 0 tt C tt p T 


1 o o 








CO ta Ri 


» m it T 6 • 






r «r t3 


6 . C P.O 1 9 U 




2 a <D 7 D - 5- i» - 


H U t 


•ZJt U - If £ti >J <D 


O T « tt L r: « S 


osffl a IK 


- 7 
€- » H T & « O « 


B e 20 A . C 0} LiU 91 


S <0 4> ft" 


6 a ff u « « r * 


<»; 


■5 C O T t> .Jt . a 


It K es « 


T U X /V In B O 




XL « «- 7 -r ^ * - 




Izt^ . U ^ 9 X, 




.6 « n « 9t /U T 


-Q J: O t: 


r -f -7; ^> y - O A 


B 




7 e ic If 




z 


^\ « « 3t -r 4b V - ^ 


n o'is 5t 


ft E m U , 






-act* 


SI K T A t . 






U 


^ T , * B 03 T tt 




U - V-<0 ?6 K m ix , 


u - *f ^ 


3 3? ft ft J: V./^ 


O 


y V « j:^ m Jto H <^ n 


W fi' u - 






•s CD r , It a tt ffl 9 


1 C € ft 


n U> < T*^ J: < 






-ft t »^ 


C t T ft . -D . 






C H U 


.0)99 m ) 






Jt R 


W L Jt C t < . 


n 


IV9 a « Jff £ o ff >t fl 


c ^ A" 




n 


sa <o M A' :^ iHB 0) 0 



»fl*5J:V/vDyV3tf:ii«!Oft e«U £ * CO T , 

R « rtt It ift.fl fl y B ^ i? M i w 4 T * 

. - 9 



n X.tf . n 1 0) a T V.7 2: t T fi » K 2 w 0 w ; 
2 . 0 * «l 8fi L T H « O BE t ± tf & -tt M ^ t ^ ^ . 
C 03 a ftS C i: o T U-tftli^tfGa«UR:iB6, 
C <D W AT W W% 117 t ^ U b . U-lftil.^ 

It «>« 2 fl)^;^ y 7 ff) W Me ffti ^ e . C O A a 

y i/ 3U :^ aw an * o-T w --y tti:^ « b ^ . 

« i& , CO) ff (ST W» € « 7 T « . b in b C W 
Bfl C j: 0 T t 1/ - IT ta tf B tt b « "6 »i v " 

Lr. I- " *r tf ;^ ff3 2 «k efft) 1? . .»:B w K - 
•t/ ^ ^ A ta at « EB 2 • " 

' ^bT, •> T A IB ±.C B >fc 5 n * ME w r 7 

7 » t a r « a T J: S2 w B # ifl *5 a * n i» ( ;^ y 

V 7 2 0 B ) . - 

(t A V 7 ? ^ c 4 JT V » a * a iiD T a . a a 

- * e - 
4 . B sn (D A m ^ n « • 

M »BB e fI4v l2e fKitt V B C m 6^ ib - X if CI % 

- h^ift rB. ia 3 .H t* m u c tt » 0 7 o - 9^ r 

1 0 - X 4^ V T 1/ - <r . T 7 r -f t ^> * - > 
1 8 - n ^ ft M m isi n « 1 b - 5^ n a is a 

(CPU), 2 q K K as ffi W BP fm .. 21*-*:^ 




10- 

—515—. 



• \ ■ ■ • •• I — -• • • XUMffi. 



